Background
==========

Type 2 diabetes is currently reaching epidemic levels worldwide \[[@b1-medscimonit-22-2133]--[@b3-medscimonit-22-2133]\]. Depression, on the other hand, is a medical condition that burdens millions of people and is more than twice as likely to appear in diabetics \[[@b4-medscimonit-22-2133]--[@b6-medscimonit-22-2133]\], affecting as many as 1 in every 3 individuals with diabetes \[[@b4-medscimonit-22-2133],[@b7-medscimonit-22-2133]\].

Over the past 30 years, findings from numerous studies have documented that coexistence of comorbid depression and diabetes is associated with worsened glycemic control \[[@b8-medscimonit-22-2133],[@b9-medscimonit-22-2133]\], increased risk and severity of diabetes complications \[[@b1-medscimonit-22-2133],[@b10-medscimonit-22-2133]\], worsened adherence to diabetes self-management behavior and medical treatment \[[@b11-medscimonit-22-2133],[@b12-medscimonit-22-2133]\], increased functional disability and decreased quality of life \[[@b13-medscimonit-22-2133]\], and increased serious psychiatric outcomes including attempted suicide \[[@b14-medscimonit-22-2133]\], higher morbidity \[[@b15-medscimonit-22-2133]\], higher early mortality \[[@b16-medscimonit-22-2133],[@b17-medscimonit-22-2133]\], and higher medical costs \[[@b18-medscimonit-22-2133]\]. Despite the great interest in the relationship between diabetes and depression and its directional nature, as well as for assessing the effects of depression treatment on glycemic control and on the long-term course of diabetes, these aspects have not been definitely resolved.

The *primary aim* of this study was to assess whether addition of antidepressants to the existing insulin treatment in patient with diabetes and comorbid depression would further improve their glycemic control. A *Secondary objective was* to assess whether treatment with antidepressants impairs lipid and inflammatory status in these patients, as they are responsible for developing diabetic complications and influencing its outcome.

To achieve these objectives, we conducted an interventional, prospective, single-center, multidisciplinary study with a self-controlled cohort including consecutive patients from our daily practice fulfilling study inclusion criteria.

Material and Methods
====================

Patient selection
-----------------

We targeted the population with poorly controlled diabetes, focusing on individuals with depressive symptoms in the absence of any uncontrolled or debilitating medical condition, being the potential confounder for objective assessment of comorbid depression.

The study was approved by the hospital Ethics Review Board, as well as by the Scientific and Educational Board at The Belgrade University School of Medicine. It was conducted according to the Declaration of Helsinki \[[@b19-medscimonit-22-2133]\].

Patients with type 2 diabetes who were 18--65 years of age were screened for study participation. Patients were eligible to participate provided they had poorly controlled diabetes (defined as glycosylated hemoglobin ≥8%) and were able to give informed consent and fill out study research forms and questionnaires on their own. Using the study protocol, we excluded the following: patients with alcohol or substance dependence, diabetics in pregnancy or lactation, patients with the definite diagnose of coronary artery disease (angiographically proven, history of myocardial infarction or coronary interventions), patients with severe impairment of renal function, and patients with any uncontrolled medical condition other than type 2 diabetes.

Study protocol
--------------

Our study consisted of 2 phases. The first one was *stabilization of diabetic treatment* (conducted by an endocrinologist), being the run-in phase for the second, *interventional phase with antidepressants* (conducted by a psychiatrist). In the first phase, we either introduced insulin to the poorly controlled diabetic patients or optimized the dosing or the type of the existing insulin therapy. Our decisions were based either on highly elevated levels of HbA1c or following the failure of maximal dose of oral antidiabetic medications to achieve a proper diabetic control. Presence of diabetic complications and/or comorbidities was determined by the study investigator, an endocrinologist, paying particular attention to the presence of polyneuropathy, angina pectoris, nephropathy, retinopathy, hypertension, and hyperlipidemia. Anthropometric and relevant sociodemographic characteristics were recorded as well.

The *run-in stabilization phase* was introduced to provide glycoregulation as stable as possible before entering the interventional stage. Its purpose was to eliminate episodes of situational depression caused by improper management of diabetes, since a positive association with depressive symptoms has been demonstrated in patients with treated but not in untreated, type 2 diabetes, which was explained as secondary to psychological stress associated with diabetes management, and particularly with its mismanagement \[[@b20-medscimonit-22-2133]\]. The run-in stabilization phase minimized stressful situations in general, since it is known that stress is one of the most common etiological factors for both depression and diabetes \[[@b21-medscimonit-22-2133]--[@b23-medscimonit-22-2133]\].

Starting from the stabilization phase, all patients were put on statin therapy according to the current guidelines \[[@b24-medscimonit-22-2133]--[@b26-medscimonit-22-2133]\]. Hypertensive patients received appropriate antihypertensive therapy in order to achieve recommended targets \[[@b27-medscimonit-22-2133]\]. Patients with polyneuropathy received symptom-relieving therapy.

At the end of the stabilization phase, patients were screened for depression before entering the interventional stage with antidepressants. Screening for depression was performed by use of the Beck Depression Inventory-II (BDI-II), a patient self-assessment questionnaire. It requires self-rating on a scale of 0--3 on 21 items. This tool is shown to have high sensitivity (81%) and specificity (92%) and favorable correlation with more complex instruments and techniques for diagnosing depression, as well as respectable reproducibility \[[@b28-medscimonit-22-2133],[@b29-medscimonit-22-2133]\]. A significant positive correlation with the Hamilton Depression Rating Scale (r=0.71) has been reported \[[@b28-medscimonit-22-2133]\].

Diabetics with major depression (having BDI-II score ≥14) were eligible to enter the interventional phase of the study. In each of these patients, the presence of major depression was further confirmed by a psychiatrist. At that point, patients were excluded from the study if there was a suicidal tendency, history of bipolar or any other psychiatric disorder, alcohol/drug abuse, or if they were currently taking psychoactive medications. All patients were put on selective serotonin reuptake inhibitors (SSRI) antidepressants. The choice of a particular antidepressant from this group in each individual patient was at the psychiatrist's discretion, taking in account the patient's profile, liver and renal function, drug pharmacokinetics, and local availability. The prescribed drugs were titrated to the optimal dose range by the psychiatrist during the treatment course. All diabetic medications were kept at the same dosage and regimen as already established during the stabilization phase. If these medications needed substantial change or readjustment, patients were excluded from the study. Patients were also excluded if they needed hospitalization longer than one day for any newly-arisen medical condition. Patients were vigorously instructed and supported to comply all dietary and activity measures established over the stabilization phase throughout the study.

All patients had at least one control examination in both study phases at 3 months, as well as the additional ones if deemed needed in particular cases. Patient compliance to both diabetic medications and antidepressants was monitored at the scheduled examinations, as well as at drug prescription and renewal checkpoints, necessitating presentation of emptied containers of dispensed medications.

Laboratory measurements
-----------------------

Glycemic control was evaluated by HbA1c measurement, being accepted as the best indicator of recent integrated glycemic control and used in guiding clinical management \[[@b30-medscimonit-22-2133]\]. HbA1c concentrations were determined by the Siemens Dimension^®^ RxL Max^®^ Integrated Chemistry System. The range of HbA1c levels for normal glucose tolerance in our population is 4--6%.

Lipid profile was assessed by measuring total cholesterol and triglycerides levels. Measurements were also done by the Siemens Dimension^®^ RxL Max^®^ System. Lipid status evaluation was performed at the study entry and repeated at the end of both phases, as presented in [Figure 1](#f1-medscimonit-22-2133){ref-type="fig"}.

Bearing in mind that inflammation has been proposed as a common link between insulin resistance, obesity, diabetes and depression, we assessed inflammatory status in studied patients by CRP measurements, being a practicable and universally used global marker. For that purpose, CRP measurements were performed at the same checkpoints as lipid profile. CRP was measured using the Siemens Dimension^®^ RxL Max^®^ System. The cutoff for normal values in our population is \<5 mg/L.

Statistical analysis
--------------------

Patient data were extracted from the hospital information system (Heliant Health^®^, Heliant LLC., Belgrade, SRB) to a Microsoft Excel database. Final data analysis was performed using SPSS software (IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp.).

For descriptive statistics, continuous variables are presented as means ± standard deviation (SD), or as median with corresponding range, depending on the data distribution. Normality of sample distribution was analyzed by Kolmogorov-Smirnoff test. Nonparametric variables were presented as frequency distributions. For testing the hypothesis on the treatment effect Student's t-test for serial measurements, or Wilcoxon signed-rank test were used, depending on normality of data distribution. Two-tailed probability level of p\<0.05 was considered to be statistically significant. To investigate the relationship, its directional nature and the strength of association between improvement in diabetes status and improvement in glycoregulation, Pearson's correlation was applied. Based on calculated Pearson correlation coefficient r, significance was expressed as two-tailed probability value with the same p\<0.05 threshold.

Results
=======

Demographic and clinical characteristics
----------------------------------------

Following patient screening and registration, total of 192 patients entered the run-in stabilization phase of the study ([Figure 1](#f1-medscimonit-22-2133){ref-type="fig"}). Excluding dropouts during this phase, 172 patients reached BDI-II testing at its end. Out of them, 62 patients had BDI-II scoring result ≥14. Four patients were excluded further on by the psychiatrist, so a total of 58 patients entered the interventional phase of the study. During this 6-month phase, 3 patients were excluded since they did not show up at their scheduled control. An additional 5 patients were excluded because they were not adherent to therapy (either antidepressants or insulin). Antidepressant therapy prescribed by psychiatrist was well tolerated in all remaining patients, without serious adverse events necessitating the need for its interruption, or switch to other forms of treatment.

Therefore, all results are based on the remaining 50 patients. Basic demographic and relevant clinical characteristics of these patients at the beginning of the study are presented in the [Table 1](#t1-medscimonit-22-2133){ref-type="table"}. There were 31 (62%) female and 19 (38%) male patients. All participants were white and none of them belonged to populations with increased risk for familiar hemoglobinopathies that would alter the erythrocyte lifespan and consecutive glycosylated hemoglobin readings. Exclusion of patients with severe renal or hepatic failure also contributed to the unaltered erythrocyte lifespan in the studied population.

Serial changes in glycemic and metabolic-related parameters, as well as results of psychological testing, are shown in the [Table 2](#t2-medscimonit-22-2133){ref-type="table"}. All laboratory measurements were done at 3 control points: 1) beginning of the study, 2) end of run-in stabilization phase, and 3) end of interventional phase with antidepressants, as presented at the study protocol flowchart ([Figure 1](#f1-medscimonit-22-2133){ref-type="fig"}).

Glycosylated hemoglobin dropped significantly from 10.0±1.8% at the study entry to 8.5±1.2% (p\<0.001) at the end of stabilization phase (*stabilization effect*), and from 8.5±1.2% at the end of stabilization phase to 7.7±0.7% (p\<0.001) at the end of interventional phase (*interventional effect*). The observed HbA1c stabilization improvement of 1.5%, as well as the interventional improvement of 0.8%, were within the clinically meaningful range according to the standards of practice and the study proposed goals. The stabilization improvement was a direct result of optimization of diabetes therapy and stringent dietary and activity modifications. The interventional improvement was attributed to the effects of introduced antidepressants *per se* since all other influential factors remained constant throughout the interventional phase. The achieved significant effect of antidepressants on improvement of glycoregulation, as the primary endpoint of the study, is presented in [Figure 2](#f2-medscimonit-22-2133){ref-type="fig"}.

Improvement in depression status by antidepressants therapy was confirmed by the significant decrease of BDI-II scores from 30.4±13.2 to 23.5±11.0 (p=0.02) over the interventional phase. This direct and sustained effect of antidepressants on depression is presented in [Figure 3](#f3-medscimonit-22-2133){ref-type="fig"}. The observed reduction in DBI-II score of 6.9 represents a clinically meaningful improvement of depression status in study patients \[[@b28-medscimonit-22-2133]\].

Concerning cholesterol trends, there was a significant decrease of 7.7% from 6.1±1.3 to 5.6±1.0, (p=0.03) over the stabilization phase in the overall studied population, as a direct and predictable effect of statin therapy and complementary dietary interventions. Atorvastatin was chosen as a statin of choice and prescribed to all patients because of its evidence-based benefit in treating diabetics \[[@b31-medscimonit-22-2133]\], favorable safety profile in general populations \[[@b32-medscimonit-22-2133]--[@b34-medscimonit-22-2133]\], as well as in diabetics \[[@b35-medscimonit-22-2133]\], and potent effects on the lipid profile \[[@b36-medscimonit-22-2133],[@b37-medscimonit-22-2133]\]. It was used with the median dose of 10 mg, and the dose range of 10--20 mg. The reduction of cholesterol was more pronounced (20.5%) among statin-naïve patients (n=21) at the study entry, from 6.8±1.3 to 5.4±0.9 over the stabilization phase (p\<0.001). Over the subsequent interventional phase with antidepressants, cholesterol values were not altered significantly, changing from 5.6±1.0 to 5.7±1.1 (p=0.32).

Triglycerides dropped significantly (18.2%) over the stabilization phase, from 2.2 (0.4--16.4) at the beginning to 1.8 (0.3--4.4) at the end, presented as median (range), (p=0.004) as result of improved glycemic control and partially secondary to atorvastatin. Triglycerides remained unchanged afterward, from 1.8 (0.3--4.4) at the beginning to 1.8 (0.4--9.3) at the end of the interventional phase with antidepressants (p=0.48).

The observed nonsignificant alterations of both cholesterol and triglycerides over the interventional phase with antidepressants confirm the secondary objective of the study, the lipid neutrality of SSRI antidepressants in patients with diabetes and depression.

Finally, CRP values dropped significantly (31.2%) during the stabilization phase, from 5.8 (1.1--22.3) at the beginning to 3.8 (0.8--12.0) at its end, presented as mean (range) (p=0.002). CRP values did not change significantly thereafter, from 3.8 (0.8--12) at the end of the stabilization phase to 3.2 (0.5--12.9) at the end of the interventional phase (p=0.132), confirming their neutral effect on inflammation, which was the secondary objective of the study.

Association and directional nature between changes in depression and diabetes status were addressed by checking the relation between the change of BDI-II score (ΔBDI-II) and the change in glycated hemoglobin levels (ΔHbA1c) during the interventional phase by means of Pearson's correlation testing. A strong positive linear correlation between improvement in depression scale (ΔBDI-II) and improvement in glycemic control (ΔHbA1c) was observed (R^2^=0.139), with corresponding p=0.008, as shown in [Figure 4](#f4-medscimonit-22-2133){ref-type="fig"}.

Discussion
==========

Improvement of glycemic control during the treatment of depression
------------------------------------------------------------------

Our study showed a beneficial effect of antidepressants on glycemic control beyond standard diabetic treatment practice, even though some other studies may have not. In point of fact, despite the great interest in this area, this issue has not been resolved definitely. Several large size studies in this field were cross-sectional and methodologically unable to establish directional effect, and longitudinal ones included limited numbers of participants, being underpowered and using different methodologies, limiting suitability of their inclusion in subsequent meta-analyses. Therefore, it remains disputable whether, and to what extent, the negative effects of comorbid depression in diabetic patients can be diminished by successful treatment of depression.

There are several non-interventional publications dealing with the effect of depression *per se* on glycemic control. Richardson and colleagues assessed the long-term effects of depression on glycemic control. They reported that over 4 years of follow-up, there was a significant longitudinal relationship between depression and glycemic control and that depression was associated with persistently higher HbA1c levels over the entire period \[[@b38-medscimonit-22-2133]\].

Furthermore, numerous studies have been published on the effects of treating depression in diabetes, encompassing case reports, uncontrolled studies, randomized controlled studies, systematic reviews, and meta-analysis. Treatment options included a vast range of modalities, including patient education and counseling, various forms of behavioral psychotherapy, and pharmacological therapy with antidepressant medications, either alone or in combination.

A recent systematic review \[[@b39-medscimonit-22-2133]\] showed that *psychological* and *pharmacological interventions* have a moderate but clinically significant effect on depression outcomes in diabetics. However, concerning their impact of diabetes control, it was shown that in pharmacological trials improved glycemic control moderately, while for psychological interventions the evidence was inconclusive \[[@b39-medscimonit-22-2133]\]. In general, the evidence was scattered and conflicting due to several trials with inappropriate design, including substantial risk of bias, and the vast diversity of interventional regimes and populations.

The effect of antidepressants on diabetes in numerous individual studies published in this field was positive regarding improvement in depression scale points, but HbA1c remained unchanged. One of the first prospective studies was published by Lustman in 1997, applying the tricyclic antidepressant nortriptyline in 68 diabetic patients. Results showed significant reduction in depression symptoms; however, no such effects were observed on glycemic control. The treatment drug was not statistically superior to placebo in reducing glycated hemoglobin in the depressed subjects, but the treatment period was only 8 weeks, which was not long enough for the HbA1c to fully drop \[[@b40-medscimonit-22-2133]\].

In 2013 Nicolau and colleagues published results on 48 patients (38 patients on antidepressants and 10 patients as control group) treated with citalopram, determining the effects on depressive symptoms and metabolic control in patients with type 2 diabetes. Patients were followed for 6 months. Significant improvement in depression score and in almost all areas of quality of life was achieved; however, no differences were found in glycemic control assessed by HbA1c \[[@b41-medscimonit-22-2133]\]. Lipid profile did not change significantly after 6 months of antidepressant therapy. Whether the explanation for the negative result is the relatively small sample size or more stringent definition of depression remains unresolved.

Paile-Hyvärinen and colleagues reported in 2007 the results from a randomized, double-blind, placebo-controlled trial dealing with the quality of life and metabolic status of patients with sub-threshold depression and type 2 diabetes. They demonstrated that at the end of 6-month follow-up, no statistically significant difference between treatment (paroxetine) and placebo groups was observed, neither for glycemic control nor for depression score, despite favorable effects observed at 3 months.

Several studies of antidepressants showed improvement of glycoregulation, assessed by lowering of HbA1c or related parameters of diabetic control. Okamura, published results from a 2000 study including 20 nondiabetic patients with depression, evaluating insulin sensitivity and its changes during the clinical course of depression. Therefore, tricyclic or tetracyclic antidepressants (maprotiline, amitriptyline, dosulepin, or amoxapine) were used. Patients demonstrated lowering of the depression score, as well as the improvement of the parameters of glycemic control, aside from HbA1c, such as hyperinsulinemia and insulin response during the OGTT. The authors concluded that patients with depression had impaired insulin sensitivity and hyperinsulinemia and that those could be resolved after successful medical treatment of depression. However, none of the patients in the study had diabetes, so its findings are not directly comparable to ours \[[@b42-medscimonit-22-2133]\].

In 2000, Lustman and colleagues published results on 60 patients treated with fluoxetine. The treatment period was only 8 weeks and results showed that HbA1c levels fell, but not enough to reach a level of statistical significance. Fluoxetine, as a medication of choice, had a negative effect on weight gain, but it positively influenced insulin resistance and insulin availability \[[@b43-medscimonit-22-2133]\].

Dhavale and colleagues investigated the effect of escitalopram in a series of 100 consecutive patients with type 2 diabetes mellitus with increased blood glucose levels. Depressed patients were then started on escitalopram while their diabetes treatment remained unchanged. They were reviewed 6 weeks later and blood glucose levels were repeated. At the follow-up, 47% of patients started on escitalopram showed clinically and statistically significant lower fasting and postprandial blood glucose levels \[[@b22-medscimonit-22-2133]\].

Lustman and colleagues published a 2006 study of 152 patients treated with sertraline for 16 weeks. During the 52-week follow-up, HbA1c was lowered. The study design was not standard; it was a randomized, double-blind, and placebo-controlled trial. Participants who recovered from depression after treatment with sertraline continued to receive sertraline (n=79) or placebo (n=73) and were followed up for up to 52 weeks or until depression recurred. The study concluded that maintenance therapy with sertraline prolongs the depression-free interval following recovery from major depression. Depression recovery with sertraline was associated with improvements in glycosylated hemoglobin levels for at least 1 year \[[@b44-medscimonit-22-2133]\].

Echeverry and colleagues reported in 2009 results of a randomized, double-blind, placebo-controlled trial on 89 patients with depression and diabetes. After 6 months of treatment with sertraline, significant decreases in HbA1c and systolic blood pressure levels were found compared to a placebo \[[@b5-medscimonit-22-2133]\].

Concerning the most recent studies in this field, Petrak and colleagues published in 2015 noteworthy results on the Diabetes and Depression (DAD) study. It was a prospective multicenter study from 70 secondary care centers across Germany, comparing the long-term efficacy of cognitive behavioral group therapy (CBT) with sertraline in patients with diabetes and poor glycemic control (initial mean HbA1c value at the entry was 9.3%) \[[@b45-medscimonit-22-2133]\]. Depression improved both under CBT and sertraline (with a significant advantage for sertraline) in patients with diabetes and depression; however, glycemic control remained unchanged \[[@b45-medscimonit-22-2133]\]. The lack of a positive effect on glycemic control might be discussed in the light of study design and related patient characteristics. Concerning the baseline characteristics, the recruited group consisted of very "difficult-to-treat" patients, at least with respect to their glycemic control, since the mean glycosylated hemoglobin values were higher than reported in other studies in this field.

In regard to this aspect, our patients were recruited at the Endocrinology Department of our hospital, representing the tertiary level of diabetes care. Concerning patient inclusion, our study, as a majority of others exploring effects of antidepressants, was confined to type 2 diabetes, but in the DAD study patients with type 1 diabetes represented 51% of the group. The important difference in study design between our study and the DAD study was that we excluded patients with diagnosed coronary artery disease, while in the DAD study they represented 12.7% of the population. These 2 studies share some common approaches: definition of poorly controlled diabetes, introduction of run-in phase, and the definition of the primary outcome. Also, despite the thorough methodology, adherence to diabetes treatment in the DAD study has not been directly assessed.

Finally, bearing in mind the results of our study, as well the data from other publications that we have reviewed, we believe that further investigations in this field are needed to produce definitive results on the significance and range of psychiatric treatment in patients with diabetes and comorbid depression, including the development of more comprehensive and collaborative models for treating both depression and diabetes.

Association between changes in depression status and metabolic control
----------------------------------------------------------------------

To the best of our knowledge, our study is the first one reporting a linear association between improvement in BDI-II score (delta BDI-II) and improvement in glycated hemoglobin values (ΔHbA1c) in diabetic patients with comorbid depression treated with SSRI antidepressants, indicating the reciprocal interaction between depression and glycoregulation, suggesting that treatment of depression may be beneficial to both mood and glycemic control.

Wiltink and colleagues reported in 2014 on results from the Gutenberg Heath Study, showing a linear and consistent association of the intensity of depression with the presence of diabetes, increasing from 6.9% in no or minimal depression to 7.6% in mild, 9% in moderate, and 10.5% in severe depression; i.e., the prevalence of diabetes was elevated substantially (1.5 fold) in severe *vs.* no depression \[[@b46-medscimonit-22-2133]\]. However, this was a community study with the cross-sectional design.

Metabolic and lipid effects of antidepressants
----------------------------------------------

The choice of a particular SSRI drug in the study was made by the psychiatrist. Overall, 5 drugs from this class were used in the study, with dominant usage of escitalopram and sertraline (88% together). This practice has disabled us to statistically assess the individual power of certain medications in modulating glycemic and metabolic effects so that the existence of the class effect was presumed.

Concerning the published data on SSRI antidepressants, it has been shown that fluoxetine has a favorable effect onto glucose tolerance and insulin sensitivity. Some other medications have negative impacts on insulin resistance (duloxetine, desvenlafaxine, and mirtazapine) \[[@b47-medscimonit-22-2133]\]; however, these drugs were not used in this study. Concerning lipid profile, it has been established that mirtazapine and paroxetine (used in 6% of our study population) are associated with clinically significant increases in serum triglyceride level and LDL levels \[[@b48-medscimonit-22-2133],[@b49-medscimonit-22-2133]\]. Fluoxetine (used in only 2% of our study population) had a favorable effect on both of the fractions of lipids, including the non-depressed diabetic population \[[@b50-medscimonit-22-2133],[@b51-medscimonit-22-2133]\].

Effects on inflammation
-----------------------

CRP is one of the positive acute-phase proteins, secreted in the liver. Depression has been shown to be associated with the increased inflammatory response \[[@b52-medscimonit-22-2133]\]. Also, it has been suggested that the link between depression, obesity, and diabetes may be mediated through inflammation.

We consider the significant drop in CRP values observed during the stabilization phase in our patients as a direct effect of statin therapy and improved metabolic control. Reduction of CRP is a well-known class effect of statins. Particularly for atorvastatin, used in our patients, this observation has well been broadly documented in the general population \[[@b53-medscimonit-22-2133]--[@b55-medscimonit-22-2133]\] as well as in diabetics \[[@b56-medscimonit-22-2133],[@b57-medscimonit-22-2133]\].

In our study, during the interventional phase, we have demonstrated the neutral effect of SSRI antidepressants on inflammation assessed by serial CRP measurements. This observation certainly precludes concerns about their eventual negative consequences on underlying inflammatory mechanisms been the common link between diabetes and depression.

Concerning the published data on the effects of antidepressants on inflammation, accumulated evidence from *ex-vivo* studies have been published demonstrating that these medications modulate cytokine production, proliferative activity of T cells, and the cytotoxic activity of natural killer cells, being particularly true for tricyclic antidepressants and SSRI antidepressants \[[@b58-medscimonit-22-2133]\]. Clinical data on the correlation between CRP levels and depression are not consistent across studies. Some authors showed a positive correlation and normalization of these values after therapy with antidepressants \[[@b59-medscimonit-22-2133],[@b60-medscimonit-22-2133]\]. However, these finding were not consistent with negative findings from other studies in this field \[[@b52-medscimonit-22-2133]\].

Statins and depression
----------------------

When designing the present study, we were particularly aware of the potential relationship between cholesterol lowering and suicidality, proposed by some circumstantial evidence at that time, as well as by some early epidemiological studies \[[@b61-medscimonit-22-2133]\]. Although this concept has recently been disputed on the basis of studies with more refined accuracy that have not found any correlation \[[@b62-medscimonit-22-2133]--[@b65-medscimonit-22-2133]\], we decided to, unless clinically necessary, apply a conservative but proven atorvastatin dose of 10 mg \[[@b31-medscimonit-22-2133]\] in all patients. Atorvastatin was well tolerated, and the prescribed dose was maintained during the study. No dropouts from the study occurred because of its adverse effects or intolerance. Besides its proven effect on lipid and inflammatory status, this therapy does not adversely affect the efficacy of SSRI antidepressants in treating depression.

Potential long-term benefits of treating comorbid depression
------------------------------------------------------------

Due to the number of treated patients and the treatment duration, our study was underpowered to assess the impact of such combined treatment on the course of diabetes-related complications.

However, concerning the latest data on the J-shaped link between diabetes duration and depression, reporting almost tripled risk after the third decade of living with diabetes \[[@b6-medscimonit-22-2133]\], we believe that timely initiation of treatment of depression in diabetic patients might disentangle such late catch-up of depression.

Study limitations and strengths
-------------------------------

Patients in our country had to be started on human insulin therapy (regulatory affairs) rather than on analogs, being harder for them regarding flexibility and with greater incidence of hypoglycemia. Anabolic characteristics of human insulins resulting in a more pronounced weight gain potentially might have led to worsening of depression *per se*.

Also, at the time and due to the circumstances of study implementation, we were not able to obtain the complete lipid status in all participating patients, so we ended up presenting only the total cholesterol and triglycerides that were common to all participants. The same limitation applies to the methods for assessing inflammation.

Our prospective study did not include a control group because the institutional position of the local ethics committee prohibited us from deterring psychiatric consultation and consecutive treatment in patients with a high BDI-II score corresponding to moderate or severe depression.

The anticipated *strength of the study* directly arises from its design with introduction of run-in stabilization phase, exclusion of diagnosed coronary disease and other uncontrolled medical conditions as influential confounders, length of interventional phase, and good compliance to medications with its inherent control.

Conclusions
===========

We found that patients with poorly controlled diabetes and comorbid depression might benefit from screening and treatment of depression with SSRI antidepressants by achieving an incremental effect on glycoregulation over one accomplished by more stringent control of diabetic therapy alone. This therapy did not have adverse effects on lipid profile or inflammatory status, which are held responsible for cardiovascular and other diabetes-related complications.

*O*ur findings suggest that clinicians should be aware of the increased risk of depression in patients with poorly controlled type 2 diabetes. Comorbid depression in such patients can be identified by proper and routine screening, opening avenues for their effective treatment and follow-up. By building bridges with mental health providers, endocrinologists can implement therapy with antidepressants, facilitating treatment of both conditions.
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![Study protocol flowchart. L1, L3, L5 -- full laboratory testing including HbA1c, CRP, and lipid profile at the study milestones (L1 beginning of the study, L3 end of run-in stabilization, and L5 end of interventional phase). L2, L4 -- laboratory testing points at the mid-phase visits, including blood glucose, urine, and basic biochemical screening. B1 and B2 -- BDI-II questioning points at the end of each study phase.](medscimonit-22-2133-g001){#f1-medscimonit-22-2133}
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![Interventional effect of antidepressants on depression scale.](medscimonit-22-2133-g003){#f3-medscimonit-22-2133}

![Interventional effect of antidepressants: Association between improvement in depression status and improvement in metabolic control.](medscimonit-22-2133-g004){#f4-medscimonit-22-2133}

###### 

Baseline demographic and clinical characteristics.

  Variable                                       Study population (n=50)
  ---------------------------------------------- -------------------------
  Age(years) ±SD                                 57.8±7.3
  Gender                                         
   Male                                          19 (38%)
   Female                                        31 (62%)
  Body weight (kg) ±SD                           81.3±13.3
  BMI (kg/m^2^) ±SD                              27.1±3.7
   18.5--24.9                                    14 (28%)
   25--29.9                                      23 (46%)
   ≥30                                           13 (26%)
  Physical activity                              
   No activity                                   7 (14.0%)
   1×weekly                                      12 (24.0%)
   2×weekly                                      21 (42.0%)
   ≥3×weekly                                     10 (20.0%)
  Educational status                             
   Elementary school                             7 (14%)
   Secondary school                              32 (64%)
   High school                                   9 (18%)
   University education                          2 (4%)
  Marital status                                 
   Married                                       24 (48%)
   Not married                                   26 (52%)
  Household income (dinars, national currency)   
   No income                                     3 (6%)
   \<20.000                                      9 (18%)
   20.000--40.000                                26 (52%)
   40.000--60.000                                11 (22)
   \>60.000                                      1 (2%)
   Alcohol intake                                9 (18%)
   Smoking                                       25 (50%)
   Hypertension                                  35 (70%)
   Hypercholesterolemia                          39 (78%)
   Angina pectoris                               8 (16%)
   Nephropathy                                   6 (12%)
   Retinopathy                                   11 (22%)
   Neuropathy                                    10 (20%)
  Antidepressants used                           
   Escitalopram                                  24 (48%)
   Sertraline                                    20 (40%)
   Paroxetine                                    3 (6%)
   Citalopram                                    2 (4%)
   Fluoxetine                                    1 (2%)

###### 

Glycemic, metabolic, and psychiatric parameters across the study.

  Variable                                                          Beginning of the study (n=50)[\*](#tfn1-medscimonit-22-2133){ref-type="table-fn"}   End of run-in stabilization phase (n=50)[\#](#tfn1-medscimonit-22-2133){ref-type="table-fn"}   End of interventional phase (n=50)[§](#tfn2-medscimonit-22-2133){ref-type="table-fn"}   *P*
  ----------------------------------------------------------------- ----------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------- ------------------------------------------------------------------
  HbA1c (mean ±SD)                                                  10.0±1.8                                                                            8.5±1.2                                                                                        7.7±0.7                                                                                 [\*/\#](#tfn1-medscimonit-22-2133){ref-type="table-fn"} p\<0.001
  [\#/§](#tfn2-medscimonit-22-2133){ref-type="table-fn"} p\<0.001                                                                                                                                                                                                                                                                              
  Total cholesterol (mean ±SD)                                      6.1±1.3                                                                             5.6±1.0                                                                                        5.7±1.1                                                                                 [\*/\#](#tfn1-medscimonit-22-2133){ref-type="table-fn"} p=0.003
  [\#/§](#tfn2-medscimonit-22-2133){ref-type="table-fn"} p=0.316                                                                                                                                                                                                                                                                               
  Triglycerides (median (range))                                    2.2 (0.4--16.4)                                                                     1.8 (0.3--4.4)                                                                                 1.8 (0.4--9.3)                                                                          [\*/\#](#tfn1-medscimonit-22-2133){ref-type="table-fn"} p=0.004
  [\#/§](#tfn2-medscimonit-22-2133){ref-type="table-fn"} p=0.481                                                                                                                                                                                                                                                                               
  CRP (median (range))                                              5.8 (1.1--22.3)                                                                     3.8 (0.8--12.0)                                                                                3.2 (0.5--12.9)                                                                         [\*/\#](#tfn1-medscimonit-22-2133){ref-type="table-fn"} p= 0.002
  [\#/§](#tfn2-medscimonit-22-2133){ref-type="table-fn"} p=0.132                                                                                                                                                                                                                                                                               
  BDI-II score (mean ±SD)                                           /                                                                                   30.4±13.2                                                                                      23.5±11.0                                                                               [\#/§](#tfn2-medscimonit-22-2133){ref-type="table-fn"} p=0.002

-- Significance of difference between the beginning of the study and the end of the run-in stabilization phase;

-- Significance of difference between the end of the run-in stabilization phase and the end of the interventional phase with antidepressants. Units of measure: HbA1c (%), cholesterol (mmol/L), triglycerides (mmol/L), CRP (mg/L).
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